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COJIEP)KAHUE

C.T. Muueiiko

CHUHEPI'M3M B KOMITIO3UTAX. .. 191
3BecTHOE OompeneleHHe KOMIIO3UTa, AaBaeMoe OKCHOPACKHM cIOBapéM, - KaK HEOTHOPOJHOW CMECH COEAMHEHHBIX MEXIy COOOH IBYX MU
Oonee (a3, - HE aKIEHTHPYET BHEUMAaHUE Ha OJHOM M3 Ba)KHEUIINX CBOMCTB KOMIIO3HTA, BOSHUKAIOIINM B PE3yJbTaTe JODKHBIM 00pa3oM KOHCTPY-
MPOBaHUs KOMIIO3UTa. boiee Toro, mpepanupyrouiee MojJ0KEHNE B MPUIIOKEHUAX MOCIEIHUX JECATUIETUN JIHIIb OJHOIO CEMENHCTBA KOMIIO3UTOB
— YIJIENIACTHKOB — 3aCTaBIJIO HayYHYIO M TEXHOJOTHYECKYIO OOIIECTBEHHOCTH C(OKYCHPOBATHCS HA OJHOM TOJIBKO IIPUMEpPE CHHEpPru3Ma B
KOMIIO3MTaX, Ha TPEIIUHOCTOIKOCTH YIJIEIUIACTHKOB- BBHICOKOIPOYHEIX KOMIIO3UTAaX OJaromaps BBICOKON HMPOYHOCTH BoJIOKHA. Llens HacTosmmeit
CTaThbH — IPUBJIEYb BHUMAaHHE HCCIIEAOBATENIEH K LEIOMY Py CHHEpreTmdeckux 3(pQexros, HaOIIONaeMbIX KaK B KOMIIO3UTAX C IUIACTHYHOI
METAJUINYECKOil MaTpHIell, TaKk U B KOMIIO3UTAaxX C XPyIKOH Marpuueil. B yacTHOocTH, IMOKa3aHO, YTO B3aMMHOE BJIMSTHHE BOJIOKHA M MAaTPHIEI B
KOMITO3UTE MOXKET CyLIECTBEHHO M3MEHUTh CBOMCTBA KOMIIOHEHTOB; Y4YET 3TUX W3MEHEHHH I03BOJIAET ONTHMHM3UPOBATh KAaK CTPYKTYpPY KOMIIO-
3UTa, TaK U TEXHOJOTHUIO €ro MOJydYeHHs. APMUPOBAHHE TYIOIIABKOH MaTpHUIbI BOJOKHAMH JOJDKHOTO XHM. COCTaBa MOXKET Ha HMOPSJIKH
YMEHBIIUTH CKOPOCTh OKHCJICHUS MaTpuUIbl. B3ammorneiicTBue XpynKHX KOMIIOHEHTOB B KOMIIO3UTE ONpEAENISIeT HEUyBCTBHTEIHLHOCTH KOMIIO3U-
TOB THIIA XpyIKoe-Xpynkoe k aepexram (c. 191-206; mi. 14).

P.A.AHapueBckuii

HAHOMATEPHAJIBI B DKCTPEMAJIBHBIX VCITOBIISIX ......ocuiiiiiiiiiiiieiiieicictntet sttt ettt ettt ettt be e 207
B o0030pe kpaTko aHAIU3UPYETCs] COCTOSIHUE PE3y/IbTaTOB HEJaBHUX HCCIICJOBAHUI KOHCOIHANPOBAHHBIX HAHOMATEPHAIOB B HKCTPEMAIBHBIX YCIIO-
BHSIX, OCOOCHHO II0J JeHCTBHEM KOMOWHHPOBAHHBIX BO3ICHCTBHII THIIAa KOPPO3HOHHOTO PACTPECKUBAHHS O] HAIPSIKEHHEM, COBMECTHOTO BIIMSTHUS
oOmyueHus: u Harpesa u T.A. Oco0oe BHHMaHHE YIEIEHO XapaKTePUCTHUKE HAHOCTPYKTYp, CIIOCOOHBIX COXPAHATH CBOU CBOICTBA B HKCTPEMAJIbHBIX
ycnoBusX. B aToM oTHOmIeHNH Hamboyee IMEePCHEKTUBHBIMU KajKyTCsl JBOWHHKOBBIC U TPAJHEHTHBIE HAHOCTPYKTYpHl. OTMEUEHBI MaJIOH3yUCHHBIS
npodiemst (c. 207-215; un. 6).

A.R.Bunsell, A.Thionnet

MTPOIIECCHI PA3PYIIEHUI, ONIPEJEJISIONIIMX JOJTOBPEMEHHYIO HAJIEXXHOCTh

KOHCTPYKIIUN, APMUPOBAHHBIX VITIEBOJIOKHOM .......oooviiiviiieoeeeseesesieeseeeseeesseessees e 216
CoBpeMeHHbIe KOMIIO3HTHI HCIOIB3YIOT B HACTOAIIEE BPEMsI BO MHOTUX KPUTHYECKH BayKHBIX I'PakKJAaHCKUX IPHIOKEHUSX, U KOTOPBIX JOJTOBpE-
MEHHAsI HaJE&KHOCTh aOCOJIIOTHO HEOOXOIHMa.

Mertons! HCIBITaHUIH, TIPUMEHsIEMble Ul Oolee TPaJAUIMOHHBIX METa/UINYeCKUX KOHCTPYKIUi, Kak ceddac sICHO, He JaloT JOCTaTOYHO HaJEMKHBIX
pe3ynbTaToB, Oyaydd NPHMEHEHHBIMH K KOMIIO3UTHBIM KOHCTPYKIMSIM. [109TOMy O4eBHIHA HEOOXOAMMOCTH Pa3pabOTKU HOBBIX METOAOB, OCHOBAHHBIX
Ha ITOHMMAHUU IPOLIECCOB IOBPEKACHNUS KOMIIO3UTHBIX 3JE€MEHTOB. MHOrOypOBHEBOE MOJEIMPOBAHUE, YUUTBIBAIOLIEE XaPAKTEPUCTUKHU BOJIOKOH,
MaTpHULB! ¥ TPAHULBI pa3Jela, K HaCTOAIIEMy BPEMEHH JOCTaTOYHO pa3BuTO. OHO IO3BOJISIET MCCIIENOBATH HAKOIUICHHE IOBPEXICHUN HA CTaJHU HX
YCTOMYMBOIO pOCTa M ONPEAEINTh KPUTUYECKYIO BEJIMYMHY MOBPEKICHUS, ONPEICISIOUIY0 pa3pylIeHe KOHCTPYKLIMHU B 3aJlaHHBIX YCIOBUSX Harpy-
JKeHUsL. JTa MH(GOPMANUS MO3BOJSICT ONPEIEINTh KOJIMIECTBEHHO KOA(P(GHIMEHT OS30IIaCHOCTH Ha OCHOBE 3HAHUS XapaKTEPHCTHK CTPYKTYPHI KOMIIO-
sura (c. 216-224; un. 5).

Suresh Kumar, Rajesh Chandra, Anil Kumar, N. Eswara Prasad and L.M. Manocha

KOMITO3UTBI YITIEBOJIOKO — SiC JISI IIPUMEHEHUS B IBUTATEJTISIX ....ocviiiiiiiiiiieieieeieteieit ettt 225
KoMrio3uTsl ¢ yrieBoiokHOM B KapOua-kpemuneBoil Marpuiue (C-SiC) sBIsFOTCS MACaIbHBIM MaTEPHAIOM Ui CHApSIOB C YNPABISIEMbIM BEKTOPOM
TIru Onaromgaps UX BBICOKOH yIENBHOM MPOYHOCTH, COIPOTUBICHHUIO YPO3HMU M BEICOKOI TeMIleparype HCHOIb30BaHHS. YIPABICHHE BEKTOPOM TSTH
HeoO0X0AMMO Ha HavaJbHOHU (hasze 3amycka CHapsia, KOTAa adpOAMHAMHUYECKOIH CHIIBI HEAOCTaTOYHO Ul HYKHOro MaHeBpupoBaHus. Cpexa, B
KOTOpOif paboTaloT HaIpaBIIIONINE JIONATKH B COILIE, BECbMa arpeccHBHa; npu Temmneparypax no 2500°K noroxa co ckopoctsimu 3-4 M ra3 MoxeT
HECTU TBEP/bIE MEJIKHE YaCTUIBI OKCHJA ATFOMUHMS, BBI3bIBAIOILUE YPO3HIO.

Jlnst momydeHust KOMIIO3UTHBIX JIONATOK pa3paboTaH yNpaB/sIeMbl TEXHOIOTHYECKUH MpOIiecC, OCHOBAHHBIH Ha MH(WIBTPAMN pacIUlaBa KPEMHUSL.
JlonmaTky OBUIM YCHENIHO HCIIBITAHBI B YCIOBHUSX PabOTBI COBMECTHO C TBEPAOTOILIMBHBIM PaKeTHBIM JBHraresieM. Hacrosimas cTaTbs ONUCHIBACT
HCCIICIOBaHMsI, HAIIPABJICHHBIC HA TEXHOJIOTHIO MOJYYEHHUs Jonarok (c. 225-230; wi. 4).

A.B.UruaroBa, C.5.Cano:kHUKOB

OBPABOTKA TTOBEPXHOCTU APAMUJIHOM TKAHU JUUIS VIIPABJIEHUS TTOTJIOIEHUEM

OHEPI'MIU YJAPA B CIIOUCTBIX KOMITOBUTAX ..ottt ettt sttt ettt ettt ettt es et ea et s et ee 231
IIpexncraBieHsl SKCIIEPUMEHTAIbHBIE PE3y/IbTaThl 110 BIMSHHUIO NTOBEPXHOCTHOI 00pabOTKM apaMUIHON TKAaHH MOJTMMEPHBIMU KOMIIO3HLUSIMHU, CO-
JeprKalliMH HaHOAIMa3bl U YIIEpPOJHbIE HAHOTPYOKH, Ha d((EKTUBHOCTh PACCESIHUSI KMHETHUECKON SHEPruy IMynu (ppHKIHOHHBIME d(dexramu. B
NIepBOIf YacTH CTAThbH HPEJCTaBICHBI KBAa3HCTATHUECKUE HUCIBITAHNS - BBHITATMBAHUE HUTU M3 apaMHUIHON TKaHH MOJIOTHSHOTO meperuierenus P110.
Bo Bropoif yacti npoBeNeHbl 0aUINCTUYECKHE HUCIBITAaHHS IJISl ONPEISIICHHs BIUSHUS MOBEPXHOCTHOH 0OpaOOTKH TKaHM Ha BEIWYHHY IIIyOHHBI
BMATHHEI B CIEIHAIBLHOM IUIacTHIMHE. [ mprMepa MoBepXHOCTHAs 00pabOTKa TKaHEH ¢ yTspKelIeHHeM 10 6% II03BOJISET YBEIUUYHUTH (PPHKIHOH-
HOE B3amMoyeiicTBUe MeXIy HUTSIMU B 4 pa3za M NPUBOAUT K CHIIKCHMIO IpOruba TKAaHEBOTO ITaKeTa HPH JIOKAJIBHOM ynape mpumepHo Ha 20%.
TToxa3ano Taxxke, 4T0 00padOTKa BS3KUMH KUAKOCTIMH, d(G(HEKTUBHAS NPH KBA3UCTATUYECKOM BBITATHBAHUM HUTEH, TepsieT cBOIO d((EeKTHBHOCTD
IIpH JIOKaJIbHOM yaape (c. 231-240; min. 6).

C.A.®upcroB, B.®.T'op6anb, H.A.Kpanuska, J.I1.IleuxoBckuii, M.B.Kapneu, A.B.Camenok, B.H.Tkau

®OPMHUPOBAHHME ®A30BOI'O COCTABA M MEXAHWYECKUX CBOMCTB JIMTHIX

MHOI'OKOMITOHEHTHBIX DKBUATOMHBIX CIIJIABOB, COHAEPKAIIMX M-DABY ..ottt ennene 241
M3ydeHbl 7 JUTBIX MHOTOKOMIOHEHTHBIX (5-7 3nemenTtoB u3 yucia Cr, Mo, W, Mn, Fe, Co, Ni) 3kBHaTOMHBIX TpeX(a3HbIX CIUIABOB, KOTOPHIC
colepKaT MOJTHKOMIIOHEHTHBIC MHTEPMETaJUINAHBIE H-(a3bl (BKIoUaloT H-o0pasyromue dmeMeHTs! Mo, W, Fe, Co) B coueTaHHH ¢ TBEpIBIMH
pactBopamu 3amereHus, koropsie umeror OLK u I'LIK kpucTammmdeckue pemerky. Bee criaBel conepxkaT Boib(hpam.

C y4eToM MHIMBHIYaIbHBIX XapaKTEPUCTHK METAJUIOB, a TAKKE ICKTPOHHON KoHueHTpaimn CSd ClulaBoB JTAHHOTO THIIA YCTAHOBJICHBI 3aKOHOMEp-
HOCTH M 0COOEGHHOCTU (pOPMHUPOBAaHHs (ha30BOr0 COCTABA U KOJMYECTBEHHOTO COOTHOIICHUS (ha3 MPU KPHCTAUIM3ALUM U UX BIMSHHAEC HA MEXaHHYCC-
KHE CBOICTBa.

IIpn kpucrayuM3anuy paciulaBa B HepBylo ouepens mpu temmeparype Beimre 2000 °C kpucrammsyercss OLIK-TBepablii pacTBop 3aMelieHus] Ha
ocHoBe Bosb(pama ([0 at. %) u monubaena ((BO ar. %), KOTOpPBIA CTPYKTYPHO TNpEICTaBlIeH B BHIE IeHIpUTOB. [Ipu temneparype 1400-1500°C
o0Opasyercsi HOJIMKOMIIOHEHTHas [l-(ha3a, KOTopasl BKJIIOYAeT BCE DIEMEHTHl XMMHUYECKOTO IIMXTOBOTO COCTaBa; COACPIKAHHE JIEMEHTOB OJM3KO K
sKkBHaroMHOMY. OHa TaKke CTPYKTYPHO IpPEICTaBICHA B BUJE JECHAPUTOB, KOTOPbIE HEMOCPEACTBEHHO IPHIIETAIOT MPAKTUYECKU KO BCEM NEPBHYHBIM
neaapuraM OIIK-daser. 3arem mpu Temmeparypax 1270-1360 °C kpuctammusyercst I'LIK-TBepasiii pactBop 3amemenus Ha ocHose ['IIK-meramios
(nx cymmapHoe cozpepkanue cocraBisier [70 at. %). I'IIK-da3a pacnomaraercs B mpoMexyTKax MeXIy NSHIPHTAMH H KpUcTaulaMu H-dasbl,
IIaBHBIM 00pa3oM, B COCTaBe IBTEKTUKH, BTOPHIM KOMIOHEHTOM KOTOpOH siBisiercs M-aza. MaxcumanbHoe komudectBo M- u OLIK-¢a3 B crurase
Haxomutcs Ha ypoBHe 50 macc. %, I'LIK-¢a3sl — Ha ypoBHE 65 macc. %.

C yBennueHueM 1eKTPOHHON KoHIeHTparmu or Csd= 7,40 no Csd= 8,00 s1/ar XMMHYECKOr0 MIMXTOBOTO COCTaBa CIUIaBa KOJIMYECTBO M-(ha3bl B HEM
cumkaercst ot 50 no 10 macc. %; B mpenenax Csd= 7,60-8,00 aw/ar kommdectso ['TIK- u OI[K-(ha3 He3HAUMTETBHO BO3PACTAET.

OnTuMaabHOE COYETAHHE BBICOKOTEMIEPATYPHBIX MPOYHOCTHBIX U MIACTHYECKHX XapaKTEPUCTUK CIUIABOB JOCTUTAETCS HMPH KOIHYSCTBEH-
HOM cooTHomeHnun M-, OLIK- u I'lIK-da3 Ha ypoBHe, coorBeTcTBeHHO, 40-45-15 Macc. %. IIpuBeneHHBIH MOAYJb YIPYTrOCTH NPH HHICHTH-
posanuu E_npu xomHaTHOU Temmeparype HaxoautTcs B mpejenax E. = 130-190 I'Tla (c. 241-258; un. 7).

0 UDTT PAH «KoMno3utbl u HaHOCTPYKTypbI». 2015
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Mileiko S.T.
SYNERGY IN COMPOSITES. .......couttuitseisesseeesses s eeseess e eseees e85 2825821 Smnemnement et 191

A well-known definition of composite as «a heterogeneous mixture of two or more homogeneous phases which have been bmrded toget
(Oxford dictionary) does not stress at an important property of the composite aroused as a result of appropriate mixmgghpesies.
Moreover, an overwhelming growth of applications in the last decades of just one family of the composites - a family fifi@rbmiorced
plastics - makes people to focus on just one example of synergy in composites that is fracture toughness of the FRheharitlarstrong
due to the fibre. A purpose of the present paper is to draw attention to a number of the synergy effects arising inesatltdlintitrix
composites and brittle-matrix composites. In particular, it is shown that fibre/matrix interactions in a composite caseffiaiyeproperties
of the components. The composite microstructure and fabrication technology of composite elements can be optimized preffades! the
mentioned are taken into account. Reinforcing refractory-metal matrix with a fibre of an appropriate chemical composigthacdegrease
by orders of the magnitudes in oxidation rate of the matrix. An interaction of brittle components in brittle-fibre/britkecoraposites
determines damage tolerance of the compogites91-206; fig. 14).

R.A. Andrievski

NANOMATERIALS IN EXTREME ENVIRONMENTS ..o ittt ettt e 4444 e et e e e et e e e s 207
The present review briefly examines results of the latest research of nanomaterials behavior under extreme conditidpsnebpeaale of
combined effects of stress corrosion cracking, joint effect of temperature and irradiation, etc. Particular attention tisepelithtacterization
of nanostructures able to maintain their properties under extreme conditions. Twinned and gradient structures seenukartygpantising for
usage under extreme conditions. Lesser known problems are(po26@d-215; fig. 6).

A.R.Bunsell, A.Thionnet

FAILURE PROCESSES GOVERNING LONG TERM RELIABILITY

OF CARBON FIBRE COMPOSITE STRUCTURES ...ttt ettt bt ettt sttt et et e aesbe e ene
216

Advanced composites are now used in many critical civil applications for which long term reliability is an absolute estsgjtpased on more
traditional metal structures has been shown to be inappropriate and there is a pressing need to develop new tests basestamdargof
damage processes in composite structures. Multi-scale modelling which takes into account the characteristics of theXibaresfibrafmatrix
interfaces is now well developed. It allows the kinetics of fibre failure during monotonic loading and sustained loadipgsifesto be explored
and identifies the critical damage levels leading to failure for these loading conditions. This information allows satebatex®n the intrinsic
properties of the composites to be determined and quaripfied5—-150; fig. 5).

Suresh Kuma, Rajesh Chandra, Anil Kumar, N. Eswara Prasad and L.M. Manocha

C/SIC COMPOSITES FOR PROPULSION APPLICATION ...ttt ettt ettt ettt ettt s smeemmmneamnes e e e st e e e beeeaanaeeean 225
Carbon fiber reinforced silicon carbide (C-SiC) composites are ideal materials for thrust vectoring control of misstlesidbigltospecific strength,
erosion resistance and high temperature capability. Jet-vanes based thrust vectoring control is required in the inkitiepltaseclo where
aerodynamic forces are insufficient to get required maneuverability. The environment experienced by the jet-vanes ig vétly sgieal gases
temperature around 2500K at about 3-4 Mach; the exhaust gases contain hard tiny particles of alumina and results imsexfget-eanes. An
indigenized technology based on liquid-silicon-infiltration method is developed for C-SiC composite jet-vanes. The jetwéseh asted and
repeatedly performed successfully in solid propellant rocket motor. This paper describes the research efforts put fay thevedopimology and
fabrication of the Jet-Vandp. 225-230; fig. 4).

I.V.lgnatova, S.B.Sapozhnikov

SURFACE TREATMENT OF ARAMID FABRICS TO THE CONTROL IMPACT ENERGY

ABSORPTION IN LAYERED COMPOSITES ...ttt ettt ettt ettt e et e e e e emm e e et e e e e e e et e e e e et e e e e e e e annnees 231
An experimental study of an effect of aramid fabric surface treatment by polymer compositions with nanodiamonds or carbes oaimopact
energy dissipation were presented. Dry friction between yarns of fabric is an effective way to absorb kinetic energy.dhahmufirst part of
the paper, the results of quasi-static yarn pull-out test of aramid plain woven fabric is presented. In the secondlfistit; testbaonducted to
determine an effect of the surface treatment on the depth of indentations in a special plasticine. For example, surfaicef tfelatice with
addition of just 5 wt. % increases the frictional interaction between yarns by 4 times and reduces the deflection of textilégyackage under
a local impact by about 20%. It is also shown that the viscous fluid, which is working effectively under quasi-static-patrtgsi|lloses its
effectiveness under local impaép. 231-240; fig. 6).
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FORMATION OF PHASE COMPOSITION AND MECHANICAL PROPERTIES CAST

MULTICOMPONENT EQUIATOMIC ALLOYS WITHEPHAS ...ttt e e e e e e 258.....
Seven cast multicomponent (5-7 elements, among which Cr, Mo, W, Mn, Fe, Co, Ni) equiatomic three-phase alloys are stuchedaiimhey
intermetallicpolycomponeni- phases that inclugeforming elements Mo, W, Fe, Co) together with BCC- and FCC-substitutional solid solutions.
Tungsten is present in all alloys.

Formation of the phase compositions of the alloys was studied taking into account individual characteristics of the e@menitabeld their
electronic concentration Csd. Atelt crystallization at a temperature higher than 2800BCC-substitutional solid solutioorystallizes on the
basis of tungsten 60 ar. %) and molybdenumBO ar. %) is crystallized first aglendrites. At temperatures between 1400 and 1300a
polycomponenti-phase, which includes all elements, is formed; the contents of elements being close to equiatomic. It tasiglsshape,
contacts all primargendrites BCC-phase. Then at temperatures 1270-1360FCC-substitutional solid solutions crystallizes on the basis of FCC
metals (their total content i§70 at. %). It locates mainly betwedendrites and crystals ofi-phase in composition @futectic in which thep-
phase is second component. The maximum quantjty aidBCC-phases in an alloy is about 50 mass. %€ C-phase is about 65 mass. %.
When electronic concentration increases from Csd = 7.40 up to Csd = 8.#0eetfafintity ofi-phase decreases from 5010 mass. % in the
interval of Csd between 7.60 and 8.00 etfa¢, quantity of FCC and@®C-phases is going up just slightly.

An optimum combination, high-temperatuteength and ductility of alloys is achieved at a quantitative ratip-pBCC- andFCC-phases equal

to 40-45-15 mass. %. The elastic modulus of alloys at room temperature measured by indebtiieen 130 and 190 GPa (p. 241-258; fig.7).
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